A B S T R A C T The kinetics of lymphocyte transformiation induced by phytohemagglutinin (PITA) and pokeweed mitogen (PWM) were studied daily, with blood lymphocytes from normal individuals and from untreated patients in all stages of Hodgkin's disease (HD). In addition, spleen lymphocytes and lynmph node lymphocytes were studied with similar techniques.
Peripheral blood lymphocyte transformation stimulated by PHA was found to be depressed in all patients with HD (including those with localized disease and no symptoms) when small numbers of lymphocytes were cultured and studied during a 7-day period. Most patients with HD had an increased number of cells circulating in their blood which were actively svnthesizing DNA. HD lymphocytes which demonstrated the highest initial rate of spontaneous DNA synthesis usually did not respond to PHA stimulation.
Blood lymphocytes from normal individuals responded equally well to PHA and P\VM in our system. HD blood lymphocytes consistently responded better to PWM than to PHA, with the response to PWM frequently within the normal range. Unless the spleen weas extensively infiltrated with HD, spleen lymphocytes from patients with HD responded to PHA, even though the blood lymphocyte response was severely reduced. Lymph node lymphocyte response to PHA from patients with HD was variable, but correlated roughly with the blood lymphocyte response. It is hypothesized from the data presented that in HD, circulating thymus-dependent (T-)lymphocytes are stimulated by the presence of active disease. This stimulation of T-lvmphocytes leads to a circulating Tcell depletion and to an increase in the number of cells circulating that are active in DNA synthesis. The de-
INTRODUCTION
Well-recognized concomitants of advanced Hodgkin's disease (HD) 1 include abnormalities in cell-mediated immune reactions as manifested by increased susceptibility to certain pathogens (1), impaired delayed cutaneous hypersensitivity (2-7), prolonged skin graft rejection (8) , and depressed in vitro lymphocyte transformation (9, 10) . Reports have varied, however, about the degree and consistency of impaired lymphocyte function in patients with HD, partictularly in those patients in the early stages of the illness (11) (12) (13) (14) (15) (16) (17) (18) (19) . While it appears that defective cell-mediated immunity may not be of etiologic importance in HD, it may be critically important in the pathophvsiologv of the disease and its complications. It Volume 52 August 1973 -1908 -1917 . Recent studies indicate that cell populations may be identified by their response to various mitogens.
Although not yet settled, it appears that phytohemagglutinin (PHA) stimulates T-lymphocytes predominantly, if not exclusively (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) , whereas pokeweed mitogen (PWM) may stimulate both B-and T-lymphocytes (32, 33) . There is, however, some data to suggest that the B-lymphocyte response to PWM may be greater than that of the T-lymphocyte (31, 33, 35) .
The major objective of the present study was to use a standardized quantitative test of lymphocyte transformation employing both PHA and PWM as the mitogenic stimulus to investigate the response in patients with untreated HD. Emphasis was placed on the timecourse as well as the degree of the mitogen-induced transformation. Havemann and Rubin have previously shown the discriminatory value of such a kinetic approach in studies of lymphocyte transformation in chronic lymphocytic leukemia (36) . Results presented herein provide evidence for the thesis that there are consistent abnormalities in PHA-induced lymphocyte transformation for all patients with HD. In addition, the data indicate that a mechanism for the abnormal PHA response in HD involves the depletion of a lymphocyte population in the blood capable of responding to PHA stimulation.
METHODS
Patient selection. 26 untreated patients representing all clinical stages and histologic cell types of HD comprised the test group and were compared with 20 healthy laboratory personnel free from recent viral illnesses (Table I) . Clinical staging was determined by lymphangiography and bone marrow biopsy in all patients, and exploratory laparotomy when required, according to the Rye classification (37) . Pathologic interpretation of the histologic material was performed by the Department of Pathology, Duke University Medical Center, using the Lukes-Butler classification (38) ; in many instances the tissue sections were also reviewed by the Lymphoma Task Force. With the advent of laparotomies for staging, we were able to obtain adequate lymph node lymphocytes for culture in five patients and spleen lymphocytes in nine patients. In the nine patients undergoing laparotomy, peripheral blood was studied before surgery in five patients, on the day of surgery in three patients and after splenectomy in one patient. None of the patients studied had received steroids, analgesics, or phenothiazines except for one patient, studied after splenectomy, who had received a total of 200 mg of meperidine 48 h before the study of his peripheral blood lymphocytes. Only one normal spleen could be obtained for comparison and that was removed from a 12-yr-old boy with idiopathic portal hypertension. Pathological examination of this spleen revealed no evidence of intrinsic abnormality in the spleen, and the patient had not received corticosteroids or other agents known to affect lymphocyte transformation.
Specimen preparation and culture techniques. Under sterile conditions, "buffy coat" leukocytes were obtained by sedimentation of 50 ml heparinized blood (5 U/ml) to which 10 ml Plasmagel (Laboratoire Roger Bellon, Neville, The samples were then stored at 4VC until all samples in one group had been collected. 0.1 ml of the solubilized material was pipetted onto Whatman 3MM filter paper disks, air-dried, and the DNA precipitated onto the disks by submerging them in ice-cold 5%o trichloracetic acid (TCA). The disks were washed twice with cold 5%o TCA, twice with cold 95% ethyl alcohol, and once with acetone. Once dried, the radioactivity of each disk was determined by covering it with 3 ml toluene phosphor and counting in a Nuclear-Chicago Scintillation Counter (Nuclear-Chicago Corp., Des Plaines, Ill.). Background activity was determined by incubating triplicate culture tubes in ice with
['H]TdR for 2 h and then processing them in the identical manner described above. Background activity was always less than 50 cpm. After correction for background, the counts per minute of triplicate samples was averaged and specific activity expressed in counts per minute per 106 lymphocytes, the total number of lymphocytes in each 2.5-ml culture.
RESULTS Peripheral blood lymphocytes. None of the patients with HD had an entirely normal response to PHA-induced lymphocyte transformation over the 7-day period. correlate with the extent of disease. This was because patients with stage I-II disease usually had an absolute granulocytosis, but those patients with advanced disease had an absolute lymphocytopenia. The degree of PHA unresponsiveness in the patients with HD did not correlate with the number of granulocytes in culture (Fig.  3B ). The effect of autologous plasma on PHA-induced transformation was variable in the HD patients (Table  II) . At times transformation was improved when lymphocytes were incubated free from autologous plasma, but in no instance did the PHA-response curve return to normal. The most common result was no significant change in lymphocyte transformation when cultured with or without autologous plasma.
Another difference apparent in the HD patients' peripheral blood cells was an increased uptake of [8H]TdR except to note that generally the more extensive the disease, the poorer the PHA response. Blood lymphocytes from normal individuals respond equally well to both PHA and PWM, although the response to PWM may be prolonged (Fig. 5) . Fig. 5 compares the PHA and PWM response in 11 patients with HD. It is evident that the PWM response in these patients is normal or approaches normal, even though the PHA response is reduced. In each instance, the PWM response in HD patients was significantly increased over the PHA response, whereas in normals, response to the two mitogens was quite similar. (40) (41) (42) . Although the inhibitory effect of granulocytes must be considered as a possible explanation for the impaired PHA response by HD lymphocytes, the lack of correlation between PHA unresponsiveness and granulocyte content, and the normal PWM response in the face of depressed PHA response argues against this possibility.
In addition to the fact that all of the HD patients had a reduced PHA response, most HD patients had cells circulating in their blood active in DNA synthesis. Those ,nificant when occurred, and that the cells "died" by the 3rd or 4th are compared day of culture (11, 13, 17) . The reciprocal relationship 5econd, our in shown in this report between spontaneous [3H]TdR upLtions of lym-take at the initiation of culture and the subsequent abes per culture sence of PHA-induced transformation by HD lympho-I]TdR uptake cytes is similar to the in vitro behavior of lymphocytes system to be from patients with renal transplant rejection and chronic ormation that uremia (45, 46 The PWM-induced response of HD blood lymphocytes were normal or approached normal, but the PHA response in the same patients was distinctly abnormal. In normal individuals the two responses in our system were nearly identical, whereas in HD the PWM response was always greater than the response to PHA. All patients with HD responded to PWM, including one patient who had no response to PHA. From these data it appears that the abnormality in lymphocyte transformation in HD is relatively specific for the PHA-stimulated lymphocyte. If in fact the PWM-induced response reflects to some degree B-lymphocyte function in man, as has been suggested (31) , these data correlate well with the observations that humoral immunity remains relatively intact in HD (7, 11, 49) .
Unless the spleen was completely infiltrated with HD, spleen lymphocytes responded to PHA with increased [3H]TdR uptake, even though the blood lymphocytes from the same patient either failed to respond or responded poorly to PHA. The spleen lymphocyte response differed from the peripheral blood response in that it was delayed and sustained, but the magnitude of the spleen lymphocyte PHA-induced response was in the same range as the normal blood lymphocyte response. In the one normal spleen available, a similar delayed and sustained response was seen, which was nearly identical to the mean response of the eight HD spleens studied. Although it is not yet possible to explain the kinetic pattern of the spleen lymphocyte response to PHA, it is apparent that in HD, spleen lymphocytes undergo blast transformation, even when the blood lymphocytes are severely deficient in PHA responsiveness. This does not appear to be a plasma effect, since incubating spleen cells in autologous plasma did not inhibit the spleen lymphocyte PHA response. The observation that spleen lymphocytes can still respond to PHA when blood lymphocytes do not suggests that the spleen may be an important storage compartment for these cells. Indeed T-lymphocytes, identified by characteristic membrane receptors, have been found to be diffusely distributed throughout the human spleen but have not been found in the follicular areas of the white pulp (50 (15, 17, 51) . In a recent study, Han (16, 17) indicates that this depletion of PHA-responsive lymphocytes is a reversible phenomenon.
As indicated earlier, there is suggestive evidence from experimental animal studies, as well as observations in patients with immunodeficient diseases, to consider PHA responsiveness a function of the T-lymphocyte system, and PWM responsiveness a measure of the B-lymphocyte system (although not exclusively) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) 53) . Our data may indicate that in HD a depletion of circulating T-lymphocytes occurs, probably in all stages of disease, but most evident in advanced HD, while B-lymphocytes appear to be present in relatively normal amounts. Along with the depletion of T-lymphocytes, a new population of cells appear in the blood actively synthesizing DNA. These cells might be abnormal (or even malignant) but because a similar increase in DNA-synthesizing lymphocytes has been shown to occur after in vivo antigenic stimulation, these cells may very well represent lymphocytes already stimulated and committed.
From the data, we hypothesize that in HD, circulating T-lymphocytes are stimulated by the presence of HD in the involved lymph node. The finding of HD tumorassociated antigens may indicate the reason for this stimulation (54) . Whether this is a response to the presence of a malignant reticulum cell, or, as hypothesized by Order and Hellman (55), a response of Tlymphocytes to virus-infected lymphocytes, which then leads to the development of neoplastic reticulum cells is not known. This stimulation of T-lymphocytes leads to a circulating T-cell depletion and to an increase in the number of cells circulating which are active in DNA synthesis. The degree of impairment of cell-mediated immune reactions seen in HD will then depend upon the degree of T-lymphocyte depletion and the sensitivity of the tests used to detect these reactions.
